The The onset of sporulation by Bacillus subtilis is associated with a change in the template specificity of RNA polymerase (1). Enzyme isolated from sporulating bacteria is unable to transcribe certain phage DNA templates as actively in vitro as RNA polymerase from vegetative B. subtilis. However, RNA polymerase in certain mutants blocked at an early stage of spore formation retains, throughout stationaryphase, the template recognition properties characteristic of enzyme from vegetative bacteria (2, 3). The change in template specificity is apparently caused by a marked decrease in the activity of the a-subunit of RNA polymerase rather than an alteration of the core subunits, f, f', and a (4, 5). However, it has previously not been possible to determine whether sporulating bacteria actually lack a-polypeptide or whether the a-polypeptide is present but its activity inhibited during spore formation. To distinguish between these alternatives, we report an immunological assay that provides a direct test for the presence of the a-polypeptide in extracts of vegetative and sporulating B. subtilis. 
core polymerase from crude extracts of B. subtilis as judged by both sodium dodecyl sulfate and urea gel electrophoresis of the precipitates.
We report that crude extracts of sporulating cells lacking o-activity contain as much a-polypeptide as extracts of vegetative cells. However, a polypeptide in extracts from sporulating cells is apparently only weakly associated with RNA polymerase, as indicated by the failure of a to co-purify efficiently with core enzyme during phase partitioning.
The loss of o-activity and the weak binding of a-to core enzyme occurs normally in a mutant blocked at an intermediate stage of sporulation (SpolI-4Z) and in wild-type bacteria sporulating in 121B medium, Difco sporulation medium, or Sterlini-Mandelstam resuspension medium. In contrast, or in two mutants (SpoOa-5NA and SpoOb-6Z) blocked at an early stage of spore formation remains active and tightly associated with RNA polymerase during stationary phase.
The onset of sporulation by Bacillus subtilis is associated with a change in the template specificity of RNA polymerase (1). Enzyme isolated from sporulating bacteria is unable to transcribe certain phage DNA templates as actively in vitro as RNA polymerase from vegetative B. subtilis. However, RNA polymerase in certain mutants blocked at an early stage of spore formation retains, throughout stationaryphase, the template recognition properties characteristic of enzyme from vegetative bacteria (2, 3). The change in template specificity is apparently caused by a marked decrease in the activity of the a-subunit of RNA polymerase rather than an alteration of the core subunits, f, f', and a (4, 5). However, it has previously not been possible to determine whether sporulating bacteria actually lack a-polypeptide or whether the a-polypeptide is present but its activity inhibited during spore formation. To distinguish between these alternatives, we report an immunological assay that provides a direct test for the presence of the a-polypeptide in extracts of vegetative and sporulating B. subtilis. Half the supernatant fluid was briefly sonicated to reduce viscosity and then brought to 55% saturation with solid ammonium sulfate (5). The resulting precipitate was resuspended in 1 ml of buffer I containing 0.05 1\I KCl and 5% v/v glycerol, dialyzed against the same buffer, and is referred to as "ammonium sulfate enzyme." The remaiining half of the supernatant fluid was partitioned between phases of polyethylene glycol and dextran by a modification (11) of the procedure of Babinet (12) . The final ammonium sulfate precipitate of the phase-partitioned enzyme was resuspende(d in 1 ml of buffer I containing 0.05 M KCl and 5% v/v glycerol and is referred to as "phase-partitioned enzyme." Antiserum Preparation and Precipitation. The antigen for the preparation of antiserum to holoenzyme was a mixture of highly purified o-(95%) and core polymerase (5%) prepared as previously described (fraction 6 protein from ref. 11). The antigen was first covalently coupled to Sepharose 2B that 2872 had been activated with cyanogen bromide (13). Immunization of rabbits against the coupled antigen, purification of gamma globulin from rabbit serum, precipitation of polymerase subunits, and solubilization of the precipitates for gel electrophoresis were as previously described (5). One hundred microliters of the anti-holoenzyme antiserum were sufficient to precipitate 5.0 ,ug of a and about 10.0 ,ug of core polymerase.
Sodium Dodecyl Sulfate (SDS) and Urea Polyacrylamide Gel
Electrophoresis. High resolution SDS gels were 7.5% acrylamide in a Tris glycine buffer (14) . The urea (pH 8.7) gels were 5% acrylamide; solutions were as described by Laemmli (15) except that Tris was 2.0 M, 6 M urea replaced 0.1% SDS, and no stacking gel was used.
RESULTS
Sigma activity in extracts of vegetative and sporulating B. subtilis Ammonium sulfate enzyme was prepared from vegetative and sporulating B. subtilis as described in Methods and assayed for a activity by measuring the transcription of phage 4e DNA and poly(dA-dT) in vitro. Since the transcription of the phage template is largely dependent on a, whereas transcription of the synthetic template is not, the ratio of activity with ke DNA template to that with poly(dA-dT) serves as a measure of a activity. The 0e to poly(dA-dT) transcription ratio for vegetative enzyme was about 5.0 (Fig. 1A) , while the ratio for purified core polymerase lacking a was about 1.0 ( (Fig. 2, Gel D) . To confirm that the 55,000-dalton polypeptide was actually a, this protein was also subjected to urea gel electrophoresis. The a subunit migrates more rapidly then a (Fig. 2 , Gels E and F) during urea gel electrophoresis, even though a migrates faster then o-during SDS gel electrophoresis (Fig. 2, Gels A and B) . A slice containing putative a subunit was cut from a duplicate SDS gel and subjected to electrophoresis on a urea gel. Gel G (Fig. 2) shows that this slice contained a polypeptide with a mobility of authentic a and some contaminating antibody heavy chain. Thus, the antibody directed against holoenzyme specifically precipitates the a polypeptide and the subunits of core polymerase from extracts of vegetative cells.
Next, antiserum was usedI to precipitate RNA polymerase from the sporulation ammonium sulfate enzyme from the experiment of Fig. 1B . SDS gel analysis showed that the precipitate contained f3'fl, proteins of 100,000 and 70,000 daltons, a, antibody polypeptides, and apparently a. From a densitometer tracing of Gel A in Fig. 3 we conclude that the stoichiometry of the core subunits was 3'fa2. The 70,000-dalton protein has previously been described (16) and is a new sporulation protein bound to RNA polymerase. It is not known whether the 100,000-dalton protein is also associated with RNA polymerase. As further evidence that the 55,000-dalton polypeptide in the SDS gel was o, this species was found to migrate with authentic o during urea gel electrophoresis (Fig. 3, Although the a polypeptide is present in sporulation extracts' it was not known whether a is actually bound to polymerase. As a test of the binding of a to core enzyme in sporulation extracts, we determined whether a co-purifies with RNA polymerase during partitioning of crude extracts between phases of polyethyelene glycol and dextran. This procedure efficiently purifies holoenzyme from vegetative extracts (11), although the 70,000-dalton protein associated with RNA polymerase in sporulating cells does not remain bound to core enzyme during this purification procedure (17). RNA polymerase purified by phase partitioning from vegetative extracts had a Oe/poly(dA-dT) transcription ratio of about 5.0 (Fig.  1D) , while the transcription ratio for sporulation enzyme was about 1.0, a ratio characteristic of polymerase lacking a (Fig. 1E) . Although enzyme from the sporulation extract lacked a activity after phase partitioning, this enzyme responded normally to added purified a in vitro. (The addition of 0.5 ,ug of purified a to 10 ,ug of phase-extracted sporulation enzyme increased the Oe/poly(dA-dT) transcription ratio from 1.0 to 5.3.) An antibody precipitate of the partially purified vegetative enzyme contained ,', ,, a, and a in addition to antibody polypeptides (Fig. 4, Gel A) . In contrast, an antibody precipitate from the phase-partitioned sporulation enzyme lacked a, although it contained the core subunits Table  2. in a stoichiometry of 'fl'a2 (Fig. 4, Gel B) . However, some a polypeptide could be detected in the first polyethylene glycol supernatant of this purification procedure for both the sporulation (Fig. 4, Gel C) and the vegetative (not shown) extracts, but we have not quantitated the amount of a in these two cases.
To compare quantitatively the amount of a that co-purifies with core enzyme during partial purification of RNA polymerase from vegetative and sporulating cells, extracts prepared from vegetative cells labeled with 3H and sporulating Various amounts of either ammonium sulfate enzyme or phase-extracted enzyme prepared from each of the indicated strains of bacteria were assayed with 6 ,ug of 0e DNA or 10 ,ug of poly(dA-dT) as template. The activities were plotted against protein concentration as illustrated in Fig. 1 and the 6e/poly(dAdT) transcription ratios were computed from the linear portions of the activity curves. Veg = vegetative. cells labeled with 85S were phase partitioned. The phasepartitioned enzymes were then mixed and RNA polymerase was precipitated by the antiserum to holoenzyme. SDS gel analysis of the precipitate revealed that uS/3H for the # subunits was 0.60, while the radioactivity ratio for a was 0.11, giving a normalized ratio of 0.18 for the amounts of ? in the sporulation extract relative to the vegetative extract (Table 1, Post mixing) . Thus, a in the sporulation extract does not co-purify efficiently with core enzyme during phase partitioning.
Since a from sporulation extracts appears to co-purify poorly with core polymerase during phase partitioning, one possibility was that the of polypeptide is altered and cannot bind to core enzyme. Another possibility was that a remains unaltered but is unable to bind to the core polymerase in sporulating cells. To investigate these alternatives, we mixed sporulating cells labeled with 35S with an 8-fold excess of vegetative cells labeled with 3H and partially purified RNA polymerase from an extract of the mixture by phase partitioning. RNA polymerase was precipitated from the phasepartitioned enzyme by antiserum to holoenzyme and analyzed by SDS gel electrophoresis. We found that under conditions of excess vegetative cells a from sporulating bacteria copurified with core polymerase as efficiently as a from vegetative cells (Table 1 , Prior mixing). Apparently, a from the sporulating cells is unaltered and is not intrinsically reduced in its ability to bind to core polymerase. A preliminary report by Strauss (20) suggested that B. subtilis resuspended in SM sporulation medium does not undergo the loss of a activity characteristic of bacteria sporulating either in DSM or 121B medium. In our hands, however, RNA polymerase from bacteria sporulating in SM media lacks a activity and RNA polymerase partially purified by phase partitioning lacks a polypeptide, although phase-partitioned enzyme from a Stage 0 mutant resuspended in SM medium displays high levels of a activity and contains a polypeptide (Table 2 and 
